The present investigation was carried out to study the effects of irradiation by using gamma ray with dose 10 kr on the mean performance and variation as well as the heterosis, potence ratio, inbreeding depression and heritability for the cross between two parents Giza 92 and Giza 93 where either both the parents were treated by irradiation or one parent with addition the cross between two untreated parents was used as control. To obtain the M 1 , M 2 and M 3 with addition F 1 and F 2 the trials were conducted during 2015, 2016 and 2017 seasons at Sakha Station. The results indicated that the treatment with irradiation decreased the mean performance for yield and its component traits and increased the variability traits. Moreover the crossing between both treated parent or one treated parent increased variability for yield and its component comparing with the crossing alone. Positive coefficient of skewness were found for seed and lint cotton yield, boll weight and lint percentage while negative coefficient of skewness for fiber quality, moment coefficient of kurtosis were less than 3 for all traits in M 1 , M 2 and M 3 for most of populations. The results of skewness curves suggested that Giza 93 irradiation and its crosses had response to selection for seed and lint cotton yield. The effect of irradiation for heterosis, inbreeding depression and heritability for seed and lint cotton yield and lint percentage were higher than the effects of boll weight and quality fiber.
INTRODUCTION
Useful variability is an essential demand for plant breeder to practice effective selection that leads to crop improvement. Among used the different breeding methods used, hybridization and mutation induction have been used as an important tools to increase existing variability and to create additional variability for qualitative and quantitative traits in cotton. Hybridization is a mean of reorganizing genes from the parents involved in the cross in a new genetic matrix. Moreover, the contents of the chromosomes may change due to genetic recombination (Fasoulas, 1988) . Most of the Egyptian cotton varieties were produced by using various forms of the pedigree-selection method following hybridization with the aim of combining characters from two or more parents into a single line or lines. Inducing mutations have been successfully used in field crops to create genetic and phenotypic variations not previously observed. Incorporating the induced mutations into breeding programs may improve targeted traits more rapidly than traditional breeding techniques (Herring et al., 2004 and Lowery et al., 2007) .
Much work have been done on the Egyptian cotton using gamma (γ) rays as a tool combined with hybridization to induce genetic variability in the genetic pool and to create useful mutations could be used in the breeding programs. Results of these studies proved that γ rays shifted means away from those of the control for cotton cultivars and their hybrids and significantly increased the phenotypic and genotypic variations (Okaz,1978; El-Gharbawi et al., 1984; Raafat and Haikal, 1986 and Raafat, 1995) .
In addition, many recent studies on the Egyptian cotton indicated the effectiveness of both hybridization and mutagen treatment each alone in inducing genetic variability in the studied materials with respect of the measured traits, moreover, treating cotton cultivars with mutagenic agents alone or followed by hybridization between the treated cultivars proved to be more effective in inducing variability in the different attributes as compared to hybridization alone (Amer, 2004; Orabi, 2008 and Amer et al., 2016) .
The main objective of this study was to investigate effectiveness of irradiation to induce variability as well as the effect of heterosis, inbreeding depression, potence ratio and heritability by two recommended tools in this respect which are hybridization and mutagenic agents either one parent or both parents and combined with the other tool.
MATERIALS AND METHODS
The present study was conducted through three successful seasons (2015 -2017) at Sakha Experimental Farm, A.R.C, Kafr El-Sheikh Governorate, Egypt. The materials used in this study comprised two Egyptian cotton varieties (Giza 92 and Giza 93) belonging to Gossypium barbadense L. Selfed seeds of both varieties were obtained by Cotton Breeding Department, Cotton Resarch Institute, Agric. Res. Center (A.R.C), Giza, Egypt.
Pure seeds of both varieties were divided into two parts the first part was untreated and used as control while the second part was irradiated by 10 kr. dose of gamma (γ) rays at the rate of 2.96 rad/second emitted from cobalt-60 (Co60) gamma cell 3500 source which is located at the Middle Eastern Regional Radioisotopes Center for the Arab Countries, Dokki, Giza, Egypt. The irradiated parts were divided to two parts the first part was sown as following The first season (2015): Population 1: Giza 92 irradiated seeds that produced treated plants represented the female parent and at flowering time pollinated by Giza 93 treated plants to produce F 1 M 2 seeds of hybrid 1. Population 2: Giza 92 untreated seeds that produced untreated plants represented the female parent and at flowering time pollinated by Giza 93 treated plants to produce F 1 M 2 seeds of hybrid 2. Population 3: Giza 92 irradiated seeds that produced treated plants represented the female parent and at flowering time pollinated by Giza 93 untreated plants to produce F 1 M 2 seeds of hybrid 3. Population 4: Giza 92 untreated seeds that produced plants represented the female parent and at flowering time pollinated by Giza 93 untreated plants to produce F 1 seeds of hybrid 4 (Control hybrid seeds).
The second Season (2016):-
The hybrid seeds were divided to two parts the first were sown in second season to obtain M 3 for crosses 1, 2, 3 as well as F 2 of cross 4
The third Season (2017):-
The all seeds of 12 population (P 1 treated (M 1 ), P 2 treated (M 2 ), P 1 untreated , P 2 untreated as well as and F 1 (M 2 ), F 2 (M 3 ), F 1 and F 2 of four crosses) were sown in third season. Populations were distributed in a randomized complete blocks design with three replications. Each plot consisted of four rows 4m long, spaced 65 cm between rows and 40 cm between hills, with one plant left per hill. Data were recorded on 20 guarded plants for each plot for the studied traits and harvested as individual plants.
All cultural practices were applied as followed in the ordinary cotton cultures at Sakha Experimental Farm. Characters studied:-1-Boll weight (gm), measured as average of 10 normally matured bolls. 2-Seed cotton yield per plant (gm). 3-Lint yield per plant (gm). 4-Lint percentage, obtain by the formula: Lint% = 100 x (lint cotton yield per plant/ seed cotton yield per plant). 5-Fiber span length (mm): it was determined by the digital fibrograph. 6-Fiber fineness: it was expressed as micronaire reading. 7-Fiber strength: it was measured by the pressley instrument at zero inch gauge length and expressed as pressley index. 8-Uniformity ratio (U.R): determined as follows: U.R = Mean length / U.H.M. Statistical procedures:-Heterosis Percent:-Heterosis is expressed as the percent increase in the mean of the F 1 hybrid above the average of the two parents (M.P) or above the better parent (B.P). Therefore, it was measured for the studied traits in M 1 and M 2 generations from the formula: Heterosis from the mid-parent
Heterosis from the better-parent H (B.P) % =
.P B .P B -F 1
x 100
Potence ratio (P): Degree of dominance h 1 and h 2 for the studied characters in the F 1 and F 2 were calculated using the potence ratios according to Romero and Frey (1973) as follows: Inbreeding depression percent: It enlarges the difference between F 1 and F 2 and is calculated for all the studied characters in the M 2 using the formula:
In the M 1 and M 2 generations, data were statistically analyzed according to the regular analysis of variance of a factorial arrangement in a randomized complete blocks design as outlined by Snedecor and Cochran (1982 Moment coefficient of skewness:
The values of M.C.S take each of positive, negative and zero values.
5) Moment coefficient of kurtosis:
Kurtosis provides a measurement about the extremities (i.e. tails) of the distribution of data, and therefore provides an indication of the presence of outliers. A normal distribution has kurtosis = 3 is called mesokurtic. Distribution with kurtosis < 3 is called platykurtic. Compared to a normal distribution, its tails are shorter and thinner, and often its central peak is lower and broader. A distribution with kurtosis >3 is called leptokurtic. Compared to a normal distribution, its tails are longer and fatter, and often its central peak is higher and sharper (Pearson 1905) .
RESULTS AND DISCUSSION
The analysis of variance of 12 genotypes are results in Table ( 1), the results indicated that the mean squares of genotypes were significant different for all traits. The results suggested that the all genotypes were different. *,** Significant at 0.05 and 0.01 levels of probability, respectively.
I. The performance and its variances:
The mean performance for all population was shown in Table ( 2). For boll weight the results in Table ( 2) showed that the boll weight of four parents had insignificant effects with irradiation treatment comparing unirradiated parent.
As well as the hybrids between the different parents in two generation exhibited the same trend except for two generation of cross [P 2 x P 3 cross (3)] had significant negative effects for boll weight comparing with its parents the two generation of cross between untreated parent.
With regard the seed cotton yield, the results in Table ( 2) show that the irradiation treatment affected by decreasing the seed cotton yield for two parents. The effect of G.92 was insignificant while the effect of G.93 was significant. While the M 2 (F 1 , s) exhibited increasing for cotton seed yield comparing with the F 1 , s of P 2 x P 4 cross (4) with significant values indicated the vigor's heterosis are affected with irradiation by increasing value For M 3 (F 2 , s) of two crosses P 1 x P 4 cross (2) and P 2 x P 3 cross (3) exhibiting insignificant effect values. The first F 2 had insignificant increasing while the second F 2 had insignificant decreasing while F 2 of P 1 x P 4 cross (2) had significant increasing comparing with that F 2 of P 2 x P 4 cross (4) of control. These results were in harmony with those obtained by Amer et al 2016. Considering the lint yield, the results in Table ( 2) illustrated the parents affected with irradiation and exhibited significant decrease values comparing with its untreated parent. The M 2 (F 1 , s) of three crosses of [P 1 x P 3 cross (1), P 1 x P 4 cross (2) and P 2 x P 3 cross (3)] exhibited significant increase as comparing to the M 2 (F 1 ) of P 2 x P 4 cross (4) of control. The M 3 (F 2 , s) of three previous crosses only one M 3 (F 2 ) of cross P 1 x P 4 cross (2) exhibited significant increase comparing by F 2 of control cross , while the other two of M 3 (F 2 , s) hybrid exhibited insignificant values of increase or decrease. The Table ( 2) showed that the irradiation parents had significant decreasing comparing with the cross between untreated parents. With respect the lint percentage while F 1 , s exhibited significant decrease comparing with F 1 of cross control except M 2 (F 1 ) of cross P 1 x P 4 cross (2) exhibited insignificant increase., while M 3 (F 2 , s) exhibited significant decrease value comparing with F 2 of cross between untreated parents.
For fiber length the results in Table ( 2) illustrated that the fiber length of parent were increased by irradiation with significant values of same time the M 2 (F 1 , s) were increased for fiber length comparing the F 1 (control) between untreated parents with significant values, on the other hand the M 3 (F 2 ) exhibited insignificant increase values for comparing F 2 control cross between untreated parent.
Considering the fiber strength the results in Table  ( 2) suggested that fiber strength did not affect with significant values for all population with irradiation. For uniformity ratio the results showed the same trend of fiber strength. With regard the micronaire values exhibited the same trend with insignificant effects for all population except for G.93 irradiated these results suggested that the irradiation don't affect for fiber quality at the dose 10 kr.
The data in Table ( 2) show that the variances of parents for boll weight were insignificant and the effects of the irradiation were insignificant for M 1 G.93 irradiated comparing with untreated parents. With regard the variance of M 2 (F 1 ) for boll weight the data showed that these variances affected with insignificant values comparing with F 1 of control cross. On other hand the variance of F 2 had insignificant increasing comparing with the variance of F 2 of cross between untreated parents except the M 3 (F 2 ) of P 2 x P 3 cross (3) exhibited significant affect for variance.
For seed cotton yield/plant, lint cotton yield/plant and lint % the data in Table ( 2) show that the irradiation affected with significant increasing variance for G.92 comparing with its untreated while the variety M 1 G.93 show insignificant effects of variance comparing its untreated. With respect of fiber quality, the data in Table ( 2) showed that the variance of M 1 G.92 was increased comparing with its untreated for all traits of fiber while the M 1 G.93 exhibited insignificant increasing for variance with the irradiation.
With regarding the variance of M 2 F 1 ,s for fiber length and uniformity ratio were increased with significant values comparing with F 1 of control cross, While the M 3 F 2 were affected with insignificant values. On other hand the variance of Micronaire values and Fiber strength were affected by irradiation by different values comparing the control.
For testing the normality of variance curves of two generation of four crosses as well as its parents, two numerical measures of shape were used to give more precise evaluation which was skewness and kurtosis.
Skewness measure the lock of symmetry of distribute on around the mean. The skewness for normal is zero and any symmetric data have skewness were zero. Negative values for skewness indicated that data are skewed left while positive values of skewness indicted that the data are skewed right. The data in Table ( 3) indicated that the curve of boll weight and lint % were normality and skewed to right direction for most populations while the curve of seed and lint cotton yields were normality except for M 1 G.93 treated and M 2 F 1 for P 1 x P 4 cross (2) as well as M 3 F 2 for two crosses P 1 x P 3 cross (1) and P 2 x P 3 cross (3).
The Curves of fiber traits were normality for most properties except for fiber length in G.93 untreated (P 4 ) population and M 2 F 1 in two crosses [P 1 x P 4 cross (2) and P 2 x P 3 cross (3)]; for uniformity index for M 2 F 1 for two crosses [P 1 x P 4 cross (2) and P 2 x P 3 cross (3)] and M 3 F 2 for cross P 1 x P 4 cross (2) as well as for micronaire value in G.93 untreated and M 2 F 1 of P 1 x P 3 cross (1).
The results of the moment of Skeweness and Kurtosis suggested that its tails are longer and fatter and its peak is higher and sharper as well as its peaks were skewered for right direction. Kurtosis provides measurements about the extremities of distribution of data and therefore provides an indication of presence of outliers normal distribution has kurtosis coefficient equal 3 (three) is called mesokurtic distribution with kurtosis less < 3 is called platy kurtic comparing with normal curve it tails are shorter and trimmer and often its central peak is lower and brooder on other hand kurtosis >3 is called leptokurtic compared to normal distribution, its tails are longer and fatter and often its control peak is higher and sharper Pearson (1905) except for F 2 for seed and lint yields as well as G.93 treated and fiber strength for F 2 in P 2 x P 3 cross (3).
The kurtosis coefficient moments of kurtosis were presented in Table ( 4) showed that moments of kurtosis were less than 3 for all variances of all generation except untreated G.93 for variance of both weight as well M 3 F 2 variances of seed cotton yield/plant, lint cotton yield/plant, fiber length, uniformity index and fiber strength for crosses P 1 xP 3 cross (1), P 1 xP 4 cross (2), and P 2 x P 3 cross (3) respectively. So these shapes of curves were leptokurtic its trials are longer and falter and central peak is higher and sharper. These results are in partially agreements with those obtained by Orabi (2008) . 
II. The effect of irradiation on heterosis, inbreeding depression, potence ratio and heritability:
With respect of heterosis, inbreeding depression, potence ratio and heritability were presented in Table (5) . With concerning the effects of irradiation on heterosis, the data in Table ( 5) illustrated that the control cross exhibited significant heterosis of boll weight over mid-parent and better-parent , while the other crosses exhibited insignificant heterosis except the P 2 x P 3 cross (3) that exhibited negative significant heterosis relative to better parent. With regard the seed and lint cotton yields Table  ( 5) showed that the all crosses between P 1 x P 3 cross (1), P 1 x P 4 cross (2) and P 2 x P 3 cross (3) exhibited highly significant heterotic effects; while the control P 2 x P 4 cross (4) exhibited significant value of heterotic effect. For lint percentage, the data showed that all crosses exhibited negative highly significant. Also the effects of irradiation were not obvious illustrated for heterosis of lint percentage.
With concerning fiber quality, the effect of irradiation on its heterosis were not significant except for fiber length in crosses between treated parents which exhibited significant heterosis over mid-parent, while the cross between untreated parents exhibited insignificant heterosis, as well as negative significant heterosis for micronaire value which were exhibited by the cross P 1 x P 3 (1) and P 2 x P 3 cross (3) over mid-parent and betterparent. With regard to fiber strength only cross P 1 x P 3 cross (1) exhibited significant heterosis over mid-parent and P 1 x P 4 cross (2) exhibited negative significant heterosis over better-parent. For potence ratio, the data in Table ( 5) showed that the potence ratio in all crosses were positive more than the unity for seed cotton yield, lint yield and lint percentage. These results due to the presence of the dominance effect controlled the genetic system. These results agreed with the presence heterosis. The potence ratio or fiber qualities were shown in Table ( 5). The data indicated that the potence ratio were higher than unity for two generations except for fiber length in P 2 x P 3 cross (3), micronaire value in P 1 x P 4 cross (2) and fiber strength in two generations of P 2 x P 4 cross (4).
Concerning the inbreeding depression, the data in Table ( 5) showed that all traits exhibited inbreeding depression values were positive in all crosses except for fiber length in P 2 x P 4 cross (4), uniformity index in P 1 x P 3 cross (1) , and fiber strength in P 1 x P 4 cross (2).
These results were in harmony with the reduction mean of F 2 for most studied traits in all crosses. These results were in harmony with those obtained by El-Hoseiny (2013) .
With respect to the heritability values, the data in Table (5) showed relatively moderate (exceeded 30%) for boll weight in the crosses which its parents were treated with irradiation while the crosses of untreated parents exhibited high values of heritability.
For seed cotton yield, the all crosses exhibited high values of heritability except for the P 2 x P 3 cross (3) that exhibited low value of heritability, while the lint yield exhibited moderate value in P 1 x P 3 cross (1) and high values in two crosses P 1 x P 4 cross (2) and P 2 x P 4 cross (4), while the cross P 2 x P 3 cross (3) exhibited low value of heritability.
The lint percentage heritability values were moderate in two cross P 1 x P 3 cross (1), P 1 x P 4 cross (2) and high value in two crosses P 2 x P 3 cross (3) and P 2 x P 4 cross (4). These results were in harmony with those obtained by Amer et al (2016) With respect of fiber quality, the data in Table ( 5) indicated that these traits exhibited high values of heritability except for fiber length in P 1 x P 3 cross (1) it was moderate and in P 1 x P 4 cross (2) was low, while the two crosses P 1 x P 3 cross (1) and P 1 x P 4 cross (2) exhibited low values of heritability for uniformity index and fiber length respectively. Also the cross P 2 x P 3 cross (3) exhibited moderate heritability values for micronaire value. From these results it may be concluded that the irradiation with 10 kr did not affect in the heritability values.
CONCLUSION
It may concluded that the dose of 10kr for gamma rays active effect to induce the changes for genetic variation.
